Abstract: Fifty one accessions of nineteen Lactuca species, the hybrid L. serriola × L. sativa and the related species Mycelis muralis were evaluated for morphological variability, esterase (EST) polymorphism, Amplified Fragment Length Polymorphism (AFLP) and relative DNA content. Sixteen Lactuca accessions were classified taxonomically on the basis of morphology, isozyme analysis and AFLP. Twenty-eight bands (isoforms) of EST were recorded allowing 82% of accessions to be distinguished. The relative DNA content, measured using flow-cytometry (DAPI staining), ranged from 2.02 pg in L. capensis to 17.96 pg in L. canadensis. The results from AFLP analysis and the relative DNA content measurement corresponded well with recent taxonomic classification of the genus Lactuca.
Germplasm conservation has become a focus for many scientists throughout the world because of its underpinning role for plant breeding and global food production (G������ et al. 1995; G��� et al. 1999) , and the realisation of the potential value of genetic diversity for future generations (H������� 1991) . Plant species maintained in genebanks (genetic resources) are characterised to enhance the understanding of the collections for both collection management and to potential users. The recording of classical morphological features (keystones of descriptive databases) has been complemented with records on biochemical and molecular features (W������ & F��� 1994; A��� et al. 1995) , the data from which have become part of evaluation databases. The incorrect determination of taxonomic identity for some accessions has led to incorrect passport data being maintained in world genebanks (L����� et al. 1999, 2001; D��������� et al. 2002b ). The absence of or poor quality data on taxonomy and morphology can result in misinterpretation when using material for scientific purposes. Moreover, the paucity of data may limit the elucidation of relationships between individual accessions (species) within a given taxonomic group. This study, as a part of a broadly focused research on Lactuca genetic resources (L����� et al. 1999, 2001) , addresses the theme of the precise taxonomic determination of individual accessions using classical methods and DNA analysis.
Isozyme analysis. Three young basal rosette leaves were taken (4-5 weeks after transplanting) from 3 plants per accession. A mixed sample of all leaves per accession was used for analysis. Extraction was carried out according to A��� and E���� (1987) . Samples were separated by electrophoresis (30 mA, 390 V, 2 h, 4°C) following the method of L������ (1970) with a discontinuous buffer system using a Standard Vertical Gel Electrophoresis Unit (Sigma) and EC3000P power supply (E-C Apparatus Corporation). PAGE gels were stained specifically for esterase (EST) (M�������� 1994) .
AFLP (Amplified Fragment Length Polymorphism). Fresh primary leaves were collected from each plant. The DNA extraction was performed according to V����� et al. (1992) . The AFLP procedure was performed according to V�� et al. (1995) . The final restriction fragment amplification was performed using two primer combinations: E35/M48 and E35/M49. Data analysis. AFLP fragments were scored as present/absent. The dendrogram was constructed using UPGMA (Unweighted Pair Group Method Average). The clustering method and similarity coefficient were tested using the procedure NCSS 97 (Statistical Solutions Ltd, Cork, Irish).
Relative DNA content. Young basal rosette leaves from 4-5 week old plants were used for DNA content estimation. Three leaves per accession were pooled and analysed. The measurement of each accession sample was repeated four times. The analysis was performed using a flow-cytometer (Partec GmbH, Germany). The linearity of the instrument was adjusted using trout erythrocytes for DAPI staining (D������ et al. 1989) . Lactuca sativa cv. British Hilde (absolute DNA content of 5.5 pg -PI = propidium iodide) was used as an external standard. Calibration of the flow-cytometer was based on measurements of 30 individuals (four replicates) of L. sativa cv. British Hilde.
Approximately 20 mg of fresh leaf tissue was collected in 800 µl buffer OTTO I (O��� 1990), subsequently 180 µl of buffer OTTO II (O��� 1990) containing DAPI (diamophenylindole) was added. The suspension was filtered through nylon mesh (40 µm pore size) and examined immediately. At least 3000 nuclei per sample were measured and the relative DNA content of a test sample was calculated as follows:
2C relative DNA content = (Sample peak mean/Standard peak mean) × 2C relative DNA content of standard (5.5 pg)
One-way ANOVA analysis and Scheffe's test were carried out using the Program NCSS 97. A dendrogram of relative DNA content similarity of the individual Lactuca accessions was constructed using the unweighted pair group method average (UPGMA) clustering procedure.
RESULTS AND DISCUSSION
Morphological assessment, isozyme variability & AFLP. The comparison of the data from the morphological study (e.g. stem, leaves, inflorescence, ligules and achenes) of individual Lactuca spp. accessions with reference herbarium specimens demonstrated that 16 accessions were incorrectly identified taxonomically (Table 1 ). This result was confirmed by the isozyme analysis (EST). Twenty eight bands (isoforms) of EST were recorded allowing 82% of the accessions to be distinguished. Zymograms of EST isozyme spectra of some critical accessions are presented in Figure 1 . The results of B������ et al. (1990) reported that oil seed lettuce was related either to L. serriola or L. sativa, and recorded the existence of transitional types between these species. EST zymograms for these accessions showed the same spectrum as L. serriola. This conclusion was confirmed by AFLP analysis. Based on the morphology of rosette leaves the accession of L. serriola f. integrifolia was reclassified as L. serriola f. serriola.
The second largest group of reclassified accessions belongs to the species L. sativa ( W������� (1976) . In addition, trichomes were recorded on the midrib of cauline leaves, thus supporting the classification as primitive forms of L. sativa. Isozyme analysis (L����� et al. 2001) and AFLP data supported the reclassification of these accessions. On the AFLP dendrogram these 2 accessions form a clearly separate group with the accession Sal 056 (Figure 2) , the la�er having morphological features closest to L. serriola (H����� 1986 ). However the EST and AFLP analyses showed close links to L. sativa. Two accessions Sal 073 and CGN 05808 originally determined as L. quercina were redetermined as primitive forms of L. sativa also. They were characterised by fresh green leaves, which did not form heads, and serriola-like seeds rather than the black characteristic seed of L. quercina (H��� 1987) . Accession Sal 073 belongs to the group of oak leaf le�uces with anthocyanin coloration of the leaves as reported by V���� and R�������� (1994 (Figure 2) .
The morphology of accessions LJ 75009 and LJ 75150, previously determined as a L. livida, did not correspond with the botanical description of this species in local floras (F������� 1977; R����� 1985 J������ (1966) . Since these Central African species are not available in gene bank collections, there is a need for the development of reference herbarium specimens.
Relative DNA content measurement. Variability in the relative DNA content was found in the accessions studied ( Overall the cluster analysis based on relative DNA content revealed that accessions could be classified in four main groups A, B, C, D (Figure 3 Data on the relative DNA contents complement the information from studies on morphology and polymorphism of EST (L����� et al. 1999, 2001 ). In a study on vascular plants B������ and L����� (1997) showed that the genus Lactuca belongs to a group of species with a medium genome size. The different relative DNA amounts were measured in the three most common species L. serriola, L. saligna and L. virosa. The highest value of relative DNA Table 2 . Relative DNA content established using flow-cytometry in selected Lactuca genetic resources (arranged according to D��������� et al. 2002b) 2C relative DNA content Group Lactuca spp. L. saligna, L. taraxacifolia, L. tenerrima, L. viminea, Mycelis muralis content was observed in L. virosa accessions (7.51 pg and 8.76 pg) and the smallest in L. saligna (4.76 pg). The relative DNA contents in all the L. serriola accessions ranged from 5.58 to 6.52 pg. These data are in accordance with that of K������ and D� J��� (1996) and K������ (1999, 2000) . L. serriola, L. sativa (oil seed type) and L. angustana are classified in the largest cluster (D) in (Table 1) .
L. dregeana, L. aculeata and L. altaica (section Lactuca, subsection Lactuca) are species closely related to L. sativa (Z����� 1990) and are considered a part of its primary genepool. The relationship of these accessions and L. serriola is reflected in their classification in a common cluster (Figure 3) . However, L. perennis also appeared in this cluster even though it belongs to the subsection Cyanicae (F������� 1977) . K������ et al. (1998) proposed to exclude the subsection Cyanicae from the genus Lactuca.
Some of the Group B (Table 2 ) taxa, L. tatarica, L. sibirica (section Mulgedium), L. quercina (section Lactucopsis) and the African L. longespicata or L. schweinfurthii are rather distant from the section Lactuca. Significant differences between these species and a group of species with small relative DNA content were found by D��������� et al. (2000b) . Interestingly 2 species of section Lactuca, did not align closely with the other section Lactuca taxa, both accessions of L. virosa were present in group B, while L. saligna was in the group C with very low relative DNA content. These results are in accordance with the RFLP data of K������ et al. (1991) . However, the results conflict with those of K������ et al. (1993) The results on relative DNA content and AFLP analysis confirmed close taxonomic relationship between species belonging to the section Lactuca as reported by K������ et al. (1998) and more or less correspond with recent taxonomic classifications of the genus Lactuca and its division into sections and subsections (F������� 1977; L����� & A����� 1999; K������ et al. 2001) . These methods together with the EST analysis proved to be complementary methods in the elucidation of taxonomic relationships. The detailed morphological study and the comparison with reference herbarium specimens provided the basis for the precise taxonomic reclassification of taxa.
Thus only complex research, which includes classical taxonomic studies in tandem with a molecular approach, can solve these complex taxonomic questions objectively.
